1. Introduction {#s0005}
===============

Breast cancer is defined as uncontrolled growth of malignant cells in mammary epithelial tissues ([@b0110]). Globally, breast cancer is the most frequently occurring cancer in women, and its incidence considerably increases with age ([@b0110]). According to the latest report from the International Agency for Research on Cancer at World Health Organization (WHO), breast cancer is the fifth leading cause of cancer-related death, causing an overall of 627,000 deaths among women in 2018 ([@b0095]).

In Saudi Arabia, breast cancer ranked first among females, it is accounted for almost 16.7% of all cancer and 30.1% of all newly diagnosed cases among women according to the last reported data from the Saudi Cancer Registry ([@b0030]). The age-standardized incidence rate for breat cancer in 2014 was 22.7/100,000 for female population. The number of breast cancer has been increase among Saudi women over the last decades with the incidence rates ranged between three to eight confirmed cases of breast cancer for every 1000 patients ([@b0015]). The breast cancer cases where projected to continue to rise rapidly given the aging population ([@b0005]) and reach 118,337 cases in 2025 and over 200,000 cases in 2050 ([@b0010])

It has been reported that breast cancer is one of the leading causes of mortality among Saudi women, and it was estimated to cause more than 18% of total deaths annually ([@b0115]).

Multiple factors are associated with an increased risk of breast cancer, including family history, obesity, consumption of processed foods, physical inactivity, delayed childbearing, having fewer children, earlier age at menarche, and shorter duration of breastfeeding ([@b0065], [@b0070]). Management of patients with breast cancer has been substantially advanced over the past years, which positively affects patient care and their quality of life. Anticancer drugs have been well-documented to improve patients' outcome, although these drugs are associated with toxicity; thus, rational use of these medications is imperative. Rational use of drugs may be defined as receiving medications with appropriate indication and regimen, and at the lowest cost ([@b0045]). Nevertheless, irrational use of drugs may lead to negative consequences, including ineffective treatment, unnecessary prescription of drugs, development of resistance to chemotherapeutic agents, adverse effects, and economic burden on both patients and hospitals. One approach to ensure rational drug use is drug utilization evaluation (DUE). DUE is as a systemic evaluation of drug usage that will help ensure rational use of medications at the individual patient level, particularly for medical, social, and economic consequences ([@b0045]). DUE have been used globally to support universal access to medicines. Analysis of medicines utilization and expenditure can inform healthcare decision maker about the overall medication utilization by gender, comorbidities and age group. It also can inform about which medication were contributing to highest budget spending. Additionally, it can be useful to evaluate whether medicine been over or under prescribe and whether it aligns with the treatment protocol and guideline and also to see the impact of policy change on the use of medicine. Action is often following the DUE and can include change listing of the drug or restriction it used, and may rise a need for more awareness and educational program ([@b0090]).

In Saudi Arabia, there is limited evidence of the pattern of anticancer drug use for breast cancer patients, and of the relationship between drug use and clinical outcome. DUE may help us observe the prescribing pattern of chemotherapeutic agents for breast cancer, and early signals of irrational drug use, thus providing intervention tools to improve drug use and realizing continuous improvement of treatment quality.

The primary objective of this study was to conduct a DUE of the anticancer drugs used in the treatment of breast cancer in King Saud University Medical City (KSUMC), a tertiary care teaching hospital in Riyadh, Saudi Arabia. The secondary objectives were to assess the prescribing pattern of anticancer drugs and estimate the total drug costs. The findings of this study may help decision makers to optimally use medical resources and improve the hospital formulary management.

2. Methods {#s0010}
==========

2.1. Study design {#s0015}
-----------------

A retrospective cross-sectional study was carried out at KSUMC. The study was conducted over a period of one year from 01/01/2016 to 31/12/2016. All female patients diagnosed with breast cancer were identified from the electronic medical records (EHR) of KSUMC.

2.2. Ethical consideration {#s0020}
--------------------------

This study was approved by the Institutional Ethics Committee of KSUMC (IRB \# E-17-2328).

2.3. Study population {#s0025}
---------------------

Female patients aged ≥18 years diagnosed with breast cancer as first occurring primary cancer type who received at least one treatment were included in this study. Female patients aged \<18 years who were diagnosed with breast cancer and underwent surgery and radiotherapy were excluded.

2.4. Data collection {#s0030}
--------------------

Patients' data were retrieved from the EHR database. The extracted information included demographic data (age, height, weight, body surface Index, body mass index, marital status, family history of breast cancer, and patient's history of other types of cancer), patient's comorbidities, medications, date of breast cancer diagnosis, breast cancer stage, chemotherapeutic regimens, type of cancer treatment (adjuvant/metastasis), chemotherapeutic medications (drugs, doses, route of administration, and duration of treatment).

2.5. Statistical analysis {#s0035}
-------------------------

An Excel-based tool (Microsoft® Excel; Microsoft, USA Version 2018) was used for systematic data sampling and analysis.

Descriptive statistics (i.e., means and frequencies) were conducted to analyze patients' demographic characteristics, clinical variables, study outcomes, and other variables. DUR was calculated based on individual drug and medication classes. The unit of measurement were included dispensed drug counts, volume and costs. The total drug spending was calculated as a sum of all drugs utilized during study period. The study results were presented in percentages and visualized in tables, pie charts, and bar graphs.

3. Results {#s0040}
==========

The records of a total of 122 patients were reviewed in the EHR database. Of these patients, 101 patients met our inclusion criteria. Subjects were excluded if they had other types of cancer or underwent surgery or radiation therapy. Patient characteristics are described in [Table 1](#t0005){ref-type="table"}. The mean age was 53 years, and 75% of patients were married. More than 60% of the included patients were diagnosed at the early stages of breast cancer, i.e. stage I and II. The estrogen receptor (ER) and progesterone receptor (PR) were positive in 80% and 67% of the patients, respectively. While, HER-2 was overexpressed in 31% of the patients ([Fig. 1](#f0005){ref-type="fig"}). Utilization of anticancer drug as adjuvant and Neoadjuvant therapy in the treatment of patient with breast cancer were described in [Table 2](#t0010){ref-type="table"}.Table 1Patients Characteristics.Variable*n* (%)Age (mean, SD)53.3 years (±13.8)Weight (mean, SD)72.8 kg (±14.7)  *Marital status*Married77 (76.24)Single15 (14.85)Other9 (8.91)  *Menopausal status*Post55 (54.46)Pre36 (35.64)NA10 (9.9)Family history of breast cancer22 (22.22)Patient's history of other types of cancer6 (6.06)  *Breast cancer stage*Stage I27 (26.7)Stage II35 (34.6)Stage III10 (9.9)Stage IV19 (18.8)NA10 (9.9)[^1]Fig. 1Estrogen receptor (ER), progesterone receptor (PR), and HER-2 overexpression status in the study population.Table 2Utilization of Anticancer Medications in Neoadjuvant and Adjuvant Settings.Anticancer therapyAgentPatient countPercentageAnticancer therapyAgentPatient countPercentageNeoadjuvant Setting**Adjuvant setting**ChemotherapyDocetaxel4321%**Chemotherapy**Cyclophosphamide2013%Cyclophosphamide3919%Docetaxel1610%Epirubicin3718%Fluorouracil149%Fluorouracil3718%Epirubicin138%Carboplatin21%Doxorubicin32%Doxorubicin21%Cisplatin21%Paclitaxel21%Vinorelbine21%Capecitabine10%Cisplatin10%Vinorelbine10%Hormonal therapyLetrozole105%**Hormonal therapy**Letrozole2617%Tamoxifen73%Tamoxifen2214%Fulvestrant42%Fulvestrant11%Goserelin10%Goserelin11%Trastuzumab2010%Targeted therapyPertuzumab10%**Targeted therapy**Trastuzumab1610%Bevacizumab10%

The average number of anticancer drugs received per patient was three. The most commonly prescribed regimen, which was used in 81% of patients, was a combination of fluorouracil, epirubicin, and cyclophosphamide (FEC), which was used with or without docetaxel and trastuzumab in HER-2 positive patients. Combinations of FEC + docetaxel and FEC + docetaxel + trastuzumab were received by 43% and 23% of patients, respectively. The rest 34% of the patients received other regimens, such as docetaxel + trastuzumab, taxane and cyclophosphamide, or anthracycline and cyclophosphamide + paclitaxel ([Fig. 2](#f0010){ref-type="fig"}).Fig. 2Various anticancer regimens used in breast cancer patients. AC, anthracycline and cyclophosphamide; FEC, fluorouracil, epirubicin, and cyclophosphamide; TC, taxane and cyclophosphamide.

3.1. Anticancer drug spending {#s0045}
-----------------------------

Our sudy indicate that the annual drug expenditure on anticancer therapy was approximately 3.8 million Saudi Riyals. Total spending on adjuvant therapy was 2.1 milllion which accounted for 53% of the total spending. Docetaxel was the most commonly used drug in neoadjuvant setting, with 18% of the patients receiving docetaxel. Letrozole and trastuzumab were the most commonly prescribed drugs in hormonal and targeted therapies, respectively [Table 2](#t0010){ref-type="table"}. In neoadjuvant settings, hormonal therapy showed the highest spending cost (48%), followed by targeted therapy (34%) and chemotherapy (18%) \[[Fig. 3](#f0015){ref-type="fig"}\]. Moreover, although fulvestrant was prescribed only to 2% of patients, it accounted for 44% of the total neoadjuvant drug spending.Fig. 3Anticancer medication spending by group in neoadjuvant setting (total spending = SAR 1.8 million).

In adjuvant settings, cyclophosphamide and trastuzumab were the most commonly used drugs in chemotherapy and targeted therapy. Targeted therapy showed the highest spending cost (48%), followed by hormonal therapy (45%). Only 7% of the total spending cost was for chemotherapy \[[Fig. 4](#f0020){ref-type="fig"}\].Fig. 4Anticancer medication spending by group in adjuvant setting (total spending SAR 2.09 million).

The frequencies of breast cancer progression and improvement were examined, and the results are shown in [Fig. 5](#f0025){ref-type="fig"}. A total of 71% of the included patients showed improvement of breast cancer, whereas the other 29% progressed.Fig. 5Breast cancer treatment outcomes.

4. Discussion {#s0050}
=============

Breast cancer, one of the most common neoplasms in women, is a leading cause of cancer-related deaths in our region and worldwide, and responsible for a large portion of medical expenditure for cancer patients ([@b0025]). Breast cancer incidence increases proportionally with age ([@b0115], [@b0100]). The average age of the participant of this study was 53.3 years, which was slightly higher than the range of 40 to 50 years reported in previous studies ([@b0075], [@b0105]). Most participants in this study had stage 1 or 2 breast cancer, and this finding eliminated the possibility of late presentation for diagnosis. However, further investigation is required to reveal the real reason for this difference. Treatment of patients with breast cancer required extensive use of medications and resources. Irrational use of drugs is a common problem in many health care systems, potentially leading to poor patient outcomes and increased treatment costs and resources. WHO promotes drug utilization studies in every health care system to assess and assure rational drug use ([@b0040], [@b0020]). DUE is considered an important tool in health care systems, as it can be used to provide information to identify drug use problems, ensure standard drug therapy, monitor drug expenses, assess drug effectiveness ([@b0045]).

Several studies have evaluated the rational use of anticancer medications. Adebayo A. Onitilo, et al conducted a retrospective study including 2907 women aged ≥18 years diagnosed with invasive breast cancer from four institutions across the United States to examine the utilization of neoadjuvant chemotherapy (NAC) ([@b0085]). The aim was to assess NAC use and its association with pre-operatively identified clinical factors, surgical approach, and breast conservation therapy failure ([@b0085]). Of these patients, 111 out of 2907 (3.8%) patients were treated with NAC ([@b0085]). Younger age, pre-operatively known positive nodal status, and increasing clinical tumor size were found to be associated with NAC use ([@b0085]). NAC use in this study was infrequent, which might be underutilized in eligible patients desiring breast conservation, and varied among institutions ([@b0085]). Accordingly, the principal aim of our current study is to examine the pattern and expenditure of anticancer drugs in Saudi Arabia and compare our results with those of other studies in the literature.

In the present study, the average number of anticancer medications prescribed per patient were three and the most frequently used regimen was FEC, consistent with the current NCCN guidelines (REF), which recommend FEC as a first line treatment for breast cancer. This number of medication was also in agreement with that reported in a study by Dave DJ, et al, but higher than that in other studies, which showed an average of 1.93--1.97 anticancer drug prescribed per patient ([@b0075], [@b0105], [@b0035]). In addition, this study reported that FEC regimen was used in 80% of the total regimen prescribed, similar to a previous study ([@b0035]). This regimen has been studied for its efficacy and safety, and was found to provide good survival benefit ([@b0035], [@b0080]). Many DUEs conducted for breast cancer were limited to specific anticancer treatments, i.e. chemotherapy, specific breast cancer stage, or specific type of neoadjuvant therapy ([@b0085], [@b0055]). As a wide range of chemotherapeutic agents have been extensively used to treat cancer at different stages, this study was designed to evaluate all anticancer therapies: chemotherapy, hormonal therapy, and targeted therapy for breast cancer patients. In addition, adjuvant and neoadjuvant therapies have been evaluated in patients with different breast cancer stages.

The most commonly prescribed anticancer drug in our study was chemotherapy in neoadjuvant setting, with docetaxel (21%), cyclophosphamide (19%), 5-Fluorouracil (18%), and epirubicin (18%) as the most frequently used anticancer drugs. In addition, hormonal therapies such as letrozole (17%) and tamoxifen (14%) were the most common anticancer drugs in adjuvant setting. Different studies showed different prescribing patterns of anticancer drugs. Cisplatin followed by 5-fluorouracil has been reported as the most utilized anticancer treatment in two different studies, ([@b0075], [@b0105]) whereas carboplatin followed by paclitaxel was the most utilized regimen in other studies ([@b0055]). The difference in drug utilization between the studies may be attributed to the used management guidelines, cancer stage, and patient status.

The high incidence of cancer is associated with increasing total health care cost. The Saudi government provides treatment free of charge for cancer patients in public hospitals. Hence, expenditure analysis is highly demanded to ensure good utilization of an institution's budget. The total annual spending on anticancer drugs was 3.8 million. In this study, analysis of cost distribution of different anticancer drug categories showed that hormonal therapy represented more than half of the total annual spending (51%), but showed minimal cost distribution in other studies ([@b0060], [@b0050]). Trastuzumab alone in all settings accounted for 41.5% of the total annual cost, representing the highest cost among the drugs. This finding was consistent with that of another study ([@b0060], [@b0050]). In neoadjuvant setting, hormonal therapy accounted for 50% of the total cost, whereas targeted therapy accounted for 48%. Comparing the cost distribution of international drug locally and internationally may result in differences due to population; availability of products, biosimilars and generics; and clinical guidelines ([@b0060]).

This study provided a guide on the effectiveness of regimens, as the condition of many patients was improved and only few (21%) progressed. Moreover, with the availability of generics and biosimilars in the near future, medical costs may be much lower. This finding contributed to encourage health care providers to adhere to clinical guidelines.

5. Study limitation {#s0055}
===================

One of the limitations of this study was that the expenditure analysis was conducted using the prices available at the Saudi Food and Drug Authority website, which are often higher than the actual prices. However, this information is impossible to reveal to public. Missing data from the electronic records were another limitation of this retrospective study. In addition, this was a retrospective study conducted in single center which may affect the generalizability of this study to other institutes.

6. Conclusion {#s0060}
=============

FEC was the most common regimen received by women with breast cancer in this study, consistent with the guideline recommendation. This finding indicated that adherence to clinical guideline improved patient outcomes and lowered the progression of the disease. Moreover, the findings of this study emphasized that utilization and expenditure analyses should be conducted from time to time to manage inventory in hospital pharmacies.
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